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The Standard Model

The Standard Model is a quantum field theory
of point-like fermions with interactions
mediated by vector gauge bosons

A very successful description of high energy
particle interactions

SU(3) x SU(2) x U(1) gauge theory
SU(2) x U(1) is spontaneously broken by a

scalar field with non-zero vacuum expectation
value
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Leptons

Predicts a neutral scalar particle: the Higgs
boson

Mass of the Higgs boson is a free parameter in
the SM

Searching for the Higgs boson is one
of the highlights of the LHC physics program
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The Standard Model at LHC
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> Precise theory calculations and

experimental measurements to test the

SM predictions

» Good training for complex Higgs final
states (and other searches)
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The discovery of a new mass resonance at LHC: m = 125 — 126 GeV

ATLAS 201112 15=7-8TeV
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Gluon-gluon fus

ion (ggF)

» POWHEG+PYTHIA
> pr with HqT v2.0

Vector boson fu

sion (VBF)

» POWHEG+PYTHIA

Associated prod
» WH/ZH
> ttH
» PYTHIA
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Higgs decays

arXiv:1101.0593

Higgs couplings depend on particle § 1 :§
mass 5 i%
WW and ZZ dominate when g *%
kinematically allowed Al 47
Many competing channels for 2 ]
my < 160 GeV observable at LHC 2 ]

BR for my = 125 GeV:

T =41 MeV + 4%

B(H — vy) =23x 10 +5%
B(H— Zy)=15x10"°+10%
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Higgs couplings depend on particle
mass

WW and ZZ dominate when
kinematically allowed

Many competing channels for
mpy < 160 GeV observable at LHC

BR for my = 125 GeV:

Th =41 MeV + 4%

B(H — vy) =23 x 1073+ 5%
B(H— Zy)=15x10"°+10%
B(H — pp) =2.2x 107+ 6%

Higgs decays

Higgs decays at m«=125GeV
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More than 3000 scientists from 38 countries

nnnnn
Armenia

Australia Norway

Austria Poland

Azerbaijan Portugal

Belarus . Romania Wk
Brazil Russia i
Canada Serbia

Chile Slovakia

China Slovenia
Colombia South Africa
Czech Republic  Spain

C

Collaborétion



A champagne toast for the discovery
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Peak Luminosity [10& em? 5]

record instantaneous luminosity: 7.73 x 1033cm™
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ATLAS experiment

> Electron pr > 24 GeV: 110 Hz 8

> Muons p1 > 24 GeV: 70 Hz

> Di-photons pr > 35,25 GeV:
15 Hz
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> Recorded [ L =15 fb™" at 8 TeV 30 e E
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» ATLAS is 93.7% efficient during ERy E
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LHC peak luminosity in 2012:
> Lpeak = 7.73 x 103cm™2s71

> pp inelastic =~ 450 MHz
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» 7 = uu~6 Hz
gg — H[125 GeV] =~ 0.17 Hz =
600/ hour

gg — H[125 GeV] — WW — "
Iviv ~ 0.0018 Hz 26/03 23/04 21/05 18/06 16/07 13/08 10/09 08/10
Date in 2012
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Precision silicon tracking
detectors and Transition
Radiation Tracker

Electromagnetic
calorimeter for
electron/photon
identification and energy
measurement

Hadronic calorimeter for
jet energy measurement

Hermetic design for
missing transverse energy
measurements

Muon detectors with
air-core toroids

Muon
Spectrometer

Hadronic
Calorimeter

Solenoid m

Tracking

Pi
detector

The dashed tracks

http://atlas.ch




Single lepton triggers

Single isolated electron trigger with
pr > 24 GeV

Match Inner Detector track to calorimeter
cluster

Shower shapes for electron and photon id

Acceptance || < 2.5 and efficiency 90%

Single isolated muon trigger with
pr > 24 GeV

Match Muon Spectrometer track to Inner
Detector track

Trigger acceptance |n| < 2.4

Trigger efficiency: 90% in endcap and 70%
in barrel (geometric coverage of muon
trigger chambers)

Di-muon efficiency > 95%
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Heavy flavor tagging

> Tag b-quark jets using relative long lifetime of b-hadrons: ¢t ~ 450um

» Construct a single (multi-variate) discriminant using impact parameter of
tracks inside a jet and secondary vertexes

> A number of btagging algorithms with different working points

\{

MV1: b-tagging efficiency 85%, light jet tagging rate 11%

v

Uncertainty varies between 5% and 18% as a function of jet pr
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tt — WbWb — evuv + 2 b-jets




Higgs results from ATLAS

Combination of 15 channels with 12 channels used for low mass Higgs
~ 100 sub-channels

Blinded searches for 2012 analyzes

The ATLAS discovery results presented by Jianming Qian on July 9
Focus on H — WW 8 TeV data with £ = 5.8 fb~* and Higgs properties
measurements

vV vy vy VvYy

Table 6: Summary of the individual channels entering the combination. The transition points between separately optimised my regions are indicated
where applicable. In channels sensitive to associated production of the Higgs boson, V indicates a W or Z boson. The symbols ® and & represent
direct products and sums over sets of selection requirements, respectively.

Higgs Boson | Subsequent mpy Range f Ladr
Decay Decay Sub-Channels [Gev] 1] Ref.
2011 s =7 TeV

4¢ {4e,2e2u,2u2e, 4y} 110-600 48 871
H — ZZ® tlvy {ee, uu} ® {low, high pile-up} 200-280-600 47 [125]
tlgq {b-tagged, untagged} 200-300-600 47 [126]
H>yy — 10 categories {pr; ® 77, ® conversion] ® (2t} 110-150 18 [127]
H = W tvly {ee, epfue, i} ® {0-jet, 1-jet, 2-jet} ® {low, high pile-up) ~ 110-200-300-600 47 [106]
— tvqq {e. 1} ® {0-jet, 1-jet, 2-jet} 300-600 47 [128]

S TlepTlep {eu} ® (O-jet} @ (€6} ® {1-jet, 2-jet, VH} 110-150 47
Al {e. 1} ® {0-jet} ® {ET™* < 20 GeV, ET' > 20 GeV}) [129]

H-11 Tlep Thad @ e, @ (1-jet] @ (0} © (2-4et) 110-150 47

ThadThad {1-jet} 110-150 47

Z—>ww ET™SS € {120 - 160, 160 — 200, > 200 GeV} 110-130 4.6
VH = Vbb W tv py € {< 50,50 = 100, 100 = 200, > 200 GeV} 110-130 47 [130]

Z -t 7 € {< 50,50 — 100, 100 — 200, > 200 GeV) 110-130 47

2012 /s =8 TeV

[V} H— 7279 4 {4e,2e2u,2u2e, 411} 110-600 58 871
5 H—yy - 10 categories {prt ® 17, ® conversion) @ {2-jet} 110-150 59 [127]
N H-oww® eviy {ew, ite) ® {0jet, 1-jet, 2-jet} 110-200 58 [131]




H— WW — evuv

my =125 GeV : 0 x BR(H - WW — Iviv) = 22.3 pb x 0.0106 = 0.24 pb

~ 236 events/ fb~" - a large production rate but difficult and diverse backgrounds

ATLAS

1A EXPERIMENT

Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST
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H — WW — evuv: analysis strategy

Analysis strategy:

> H— WW — 4q: 46%
- large multi-jet backgrounds

> H— WW — lvqq: 44%
- high mass channel
> H— WW — lviv: 10%

> High rate, clean final state
» No mass peak because of v
Irreducible background:
> WW

Mis-reconstructed backgrounds:
» top: tt,tW, th, tgb
> Wjets
> Z+jets
» Di-bosons: WZ, ZZ, W~(*)

Selection:

>

Two isolated opposite sign electron or
muon (pr > 25,15 GeV)

Match leptons and jets to common
vertex

Significant missing transverse energy
(Ef!miss > 25) not aligned with
selected objects

Separate analysis categories:

(ep) ® (0-jet, 1-jet, 2-jet)

Large Drell-Yan background for ee and
pp - only ep is considered



H— WW — Ivlv: jet multiplicity

———
ATLAS

\s=8TeV,[ Ldt=581b"
H—>WW("—>evpv/uvev

Events

Split by jet multiplicity:
> 0-jet: ggF vs. SM WW
+17% for oggr(my = 125 GeV)

> 1-jet: ggF vs. SM WW and top
+36% for oger(my = 125 GeV)

» 2-jet: VBF vs. SM WW and top
+4% for oygr(my = 125 GeV)

-¢- Data
 ww
O

— T
%4 BG (sys @ stat)

[ wzizzwy
[ Single Top

B Z+jets [] W+ets

[ H125 Gev]

-

Main detector uncertainties:
> Jet energy scale: 2 — 9% as a function of jet pr and
> Jet energy from pileup: < 5% for jet pr > 25 GeV
» B-tagging: 5 — 18% as a function of jet pr



H— WW — lvlv: W+Hjet, WZ, ZZ, W~ backgrounds

» W+jet background:
> Jets reconstructed as electrons
> b-hadron decays to leptons
> Suppress with tight lepton isolation and
particle id (PID)
> Estimate using events with loosened
selection:

> 40% uncertainty for W-electrons
> 60% uncertainty for W-+muons
» WZ®) and 7 Z7™) backgrounds:
> One or more leptons are not
reconstructed
> Estimated with simulation
» W~ background:

> Electron from photon conversion
> Leptons from internal conversions
> Estimated with simulation

» Same sign di-lepton validation region
> Observed events: 182

> Expected events:
216 + 7 (stat) 4 42 (syst)

Events /5 GeV

Events /0.13 rad

35

30

25

T T
ATLAS 4 Data %% BG (sys O stat)

B ww [ wzzZzwy
\s=8TeV,[ Ldt=58f" [t Single Top
© B Zrjets [ Wijets
H-WW' —evuv/uvey + 0 jets [ H[125Gev]

20 40 60 80 100 120 140
Prjcad lep [GeV]
e e B e B L e e
-#- Data %% BG (sys@stat) —
ATLAS W ww [ wWzZzzwy |
(s=8TeV,[ Ldt=5.8f" [Ji  [JsigeTp
“ [ Z+ets [T Weets B

H->WW' 'Sevuviuvey + 0 jets [ HI125 GeV]

A¢" [rad]



H— WW — Iviv:

> Top backgrounds in 0-jet:
> Correct for top b-jet reconstruction
> Scale MC prediction: 1.11 £ 0.06 (stat)
> o =17%
» Top backgrounds in 1-jet and 2-jet:
> Estimated from control regions that
require b-jet
> 1l-jet: 1.11 £+ 0.05 (stat), o = 36%
> 2-jet: 1.05+0.01 (stat), o =70%

top backgrounds

£ T T T T ]
S ¢ Data %% BG (sysOstat)
g ATLAS Www [ wzzzwy
u \s=8TeV,[Ldt-58b" [Ji [@Smetp 7
“ B Z+ets [ Weets ]
H->WW' '—evuv/uvey DHuscey) 3
by L ]

8 10
Niets

%120>H..“‘,.,HH,.H‘,..H
[ - Data %% BG (sys@stan) |
g r ATLAS B ww [ WZzZzwy 4
2 100 \s-8TeV,[Ldt=5.8f" [Ji [0 SingeTop —|
> [ “ I zedets [T Weets ]
,g [ HoWW Sevuviuvev + 1 jet OHiscey
o 80 -
> r 4
w r 4
60/~ -
40F 3
20F ]

%O 100 150 200 250 300

my [GeV]



H — WW — Ivlv: Drell-Yan background

> T T T T
[} = BG (sys @ stat)
3 ATLAS Rl
> Drell-Yan (DY) process has no neutrinos in {s=8TeV, [ Lot =58 1b" ng« E%ﬁ;ﬂ
the final state g HoWW ' evpvipvev = e
>
» Suppressed by requiring significant E7 miss "
> Pileup events deposit add energy in
calorimeters giving fake ET miss
» Only only ey final states are included
> Z/v* — 77 plus leptonic 7 decays
> O-jet: pr,n > 30 GeV TS [GeV]
> 1l-jet: m,, veto = R RN
8 ATLAS e ™
1 = (s=8TeV, | Ldt=58fb" Oy | oo 3
. E H—)WW”%evp.v/pvev+0jels e DHE‘J::GeV] 3
miss c |
— Q |
E"EI-MET Transverse _g
If closest object plane to 3
beam line q
. . Vi =
within 90°, MET ", E
miss H 3
E;=MET sin ¢ ¢ 3
I, - ]

100 120 140 160
Ph [GeV]
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H— WW — Ivlv: SM WW background
Largest background

B ATIAG e om = BGeds ]
H— WW = lvlv: 6 x BR=0237Tpb o ATLASI Cme e
. _ =] \s=8TeV,| Ldt=5.8fb" [ [ Single Top El
qq - WW — Ivlv: 0 x BR =54.4 pb . HoWW ooy + 0 jots B 2% B e 3
> Assuming Higgs is spin O particle, spin g 3
correlations for WW result in small u 3
opening angle for two charged leptons E
|m”| < 50 GeV v‘,—m%z{/////lfk%,i E
|Agy| < 1.8
Estimate from control regions
my > 80 GeV =c o
> O—jet: 1.06 + 0.06 (stat), o =13% 0 02040608 1 1214 16 18 2 22
> 1-jet: 0.99 + 0.15 (stat), o = 42% 49, [rad]
> F T T T T T T 3
C -4 Daf %% BG (sys @ stat)
g 200~ ATLAS m \[l)vv? ﬁ WZ/‘Z;/W‘{ ) 3
2 1805 s-aTev[Lat-se’  Cli  Esere
% 160% H—>WW(.L>evuv/uvev+0jets- e gH:Z:Gev] 3
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H— WW — Ivlv: SM WW background

Largest background

H— WW — lvlv: ¢ x BR =0.237 pb
qq - WW — Ivlv: 0 x BR =54.4 pb
> Assuming Higgs is spin O particle, spin

correlations for WW result in small

opening angle for two charged leptons

|my| < 50 GeV
|Agy| < 1.8

Estimate from control regions
my > 80 GeV

> 0-jet: 1.06 % 0.06 (stat), o = 13%
> 1-jet: 0.99 4+ 0.15 (stat), o = 42%

o
f@a@
e @

V

Events / 10 GeV

Events / 10 GeV

1a0Ft ‘ " ‘ +‘DI(‘ -%‘B(lzq l@n)_
C ata 4 (sys @ stat) -
 ATLAS o ww [ wzzzwy ]

120 \s-8TeV, [ Lot =587 [l SigleTop
r ) W Z+jets [ Wejets ]

100—_ H->WW' '—evuv/uvev + 0 jets O HHesGey]

80 3
60 3
40 3
20 3

350 400 450

my [GeV]
35F T T T T T T
4 Data %% BG (sys @ stat)
30_ ATLAS | ww [ wWZzZzwy
\s=8TeV,| Ldt=5.81" [l [ SgeTop
B Zdets [ Weets

TTT [ TTT T TTT T T T[T

H—>WW(.L>evpv/uvev +1jet

I H[125 GeV]

100 150 200 250 300 350400 450
my [GeV]



H — WW — Ivlv: signal region

Table sh ber of d signal % ‘ ' ' ' -
> - Data <% SM(sys@stat) |
able shows number of expected signa 8 ATLAS Rl
and background events and observed data = \s=8TeV, | Ldt=581" D B
events for: 0.75 - my < mr < my for % H—>WW[ L)nevu\'/uvev+0/1 jets [ H[25GeV] 7:

[ 4

my = 125 GeV i E

> An excess of events is observed relative the 3
background expectation E

17 miss 2 00 miss |2 ]

mr = \/ (Ef" + EP™®)" — E ]
T T + T Pr + T 250 30!
my [GeV]

> FrT T T T T T T T T3

8 605— ATLAS —4— Bkg. subtracted Data _i

O-jet Tojet 2jet 2 o Vs=8TeV, [ Ldt=5.81 " [ ] Hiescev) E

Signal 20+4 5+2 0344007 2 E HoWW ' Sevuviuvey + 071 jets El
ww 101413 1245 0.10+0.14 E 40t E
Wz 22/ Wy® 1243 19411 0.1040.10 20F- E
i 842 6+2 0.15+0.10 E 3
tW /tb/tgb 34415 37416 - 20E E
Z/y* +jets 19413 0.10£0.10 - E 3
W+ jets 15+7 241 - 103_ =
Total background 142+ 16 266 0.35+0.18 OE + E
Observed 185 38 0 E + E

1 Il 1 Il 1 Il Il 1 Il 1
60 80 100 120 140 160 180 200 220 240
my [GeV]



%ATLAS
A EXPERIMENT

Run Number: 203779, Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST H S AN

I

o~ 0.05 pb

= 300 signal events
produced in 5.8 b1
at 8 TeV

geF: 87%
VBF: 7%
W/ZH: 5%
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H — ~~: photon identification

<

Y r°

strip middle bacl

» Fine 7 granularity in the strip layer to reject 7°
» EM shower shape to reject fake photons from jets ~ O(8000)
jet rejection 85% photon efficiency

» Longitudinal segmentation to measure shower direction and to
improve energy measurement
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H — ~~: analysis strategy

Two isolated photons with pr > 40,30 GeV
Search for a narrow mass peak in di-photon mass spectrum

Requires excellent EM energy resolution

1/N dN/dm,, /0.5 GeV

2

> Split events in 10 categories to optimize signal /background
> Irreducible SM backgrounds are fitted from sidebands
> Background composition measured from data (for cross-checks)
7Y J i
80+4% | 19+3% | 1.8+ 0.5%
m T T T T T | > r T T T T |
F R ] F ATLAS e ]
[ ATLAS Simulation @ Unconverted central | © 1200F- Data 2012 :;;/DZ‘VEDE‘E -
F high p., ] 2 it Ns=8TeV,[Ldi= 597  —— jjData ]
L FWHM = 3.2 GeV 4 2 10001~ +++ —— Stat. uncertainty ]
F Hovy B & # 4
C O Converted rest ] r ++ ++ Total uncertainty |
[ my= 125GeV low py, . soof-  HIH, B
[ FWHM = 4.4 GeV 1 F 4 ]
[ \s=8TeV ] F t,.4. 4
8 = 6001 L I E
r ] £ + . . ]
= 3 4001 Y g .
F : 1 Bt o Pt
— - 200 " “M“Mﬁﬁﬂ 5 -
r E I AR
. . | % —— aflyl L L Lossiesns
55 110 115 120 125 130 135 140 145 foo o0 120 A30 14050 160

m,, [GeV] my, [GeV]



H — ~v: 2-jet channel

» Exclusive 2-jet VBF category
» VBF topological cuts:

> |Any| >238
> mjy > 400 GeV
> Ap(vy,if) > 2.6

» VBF process is 70% of signal events

Events / 4 GeV

Data - Bkg

Nsig N data
8 TeV | 3.0 139
7 TeV | 22 89
45 .
2-jet
4 . Data 2012
3 Exponential fit
- SM Higgs boson m, = 1265 GeV (MC)
3
\5=8 Tev,_[ Ldt=591"
2

ATLAS

Mot oo bbb o

B

= 07T T T T T T 3
E —4- 2011 Data k|
o 06 3
O y+Yj Uncertainty
g 0.5 Y vj Uncertainty .|
K] — 99F m =125 GeV
€ f— = ]
£ o4 VBF my=125 GeV
= |
8 o3 ATLAS E
e \s=7TeV B
w02 4
j Ldt=481" 3
0.1 =
0 I
0 1 2 3 4 5 6 7 8 9
Jet Multiplicity
0.3 T T T T T T T
ATLAS -+ 5311 Data
0250 (s _ 7 Tev et
y+Yj Uncertainty
g i Uncertainty
0.2 J. Ldt=4.8fb oF m ~125 GeV

o
o

e

Entries / 1 (normalized to unity)

0.05

— VBF m,~125 GeV




. ‘ ‘ ‘ ‘ : -
3 ATLAS ¢+ Dpaa 3

3 ——— Sig+Bkg Fit (m=1265GeV) 3

An excess of events observed at - T U Bkg (4th order polynomial) 3
my = 126 GeV @ E
Fit m,, spectrum in each of 10 =
categories s=7TeV, [Ldi=4.81b" :
. . s=8TeV, [Lai=5.91" Hovy 3
Fit signal with Crystal Ball 4 - ‘ ‘ ‘ ‘ , E
. é E
Gaussian S ++++++T M*\ fhy b bar b
Fit background using one of two 5 1000 ! ¢! e LR
H . W 200E =
funCtlons' 100 110 120 130 140 150 160
> 4th degree Bernstein polynomial myy [GeV]

> Exponential of 2nd degree > F i " " T i ]

|p ial & 3 ATLAS 4 DataSB Weighted 7
polynomia o 100 — SigeBkg Fit (m=1265GeV) 4

s F E

Functions optimized to reduce 5 80 N T Bikg (4th order polynomial) - 7
g F E

potential bias and retain good S oe  Tran 3
statistical power using simulated sof- E
events F is=7TeV, [Ldi=a.8" ]
. L X . . 20E" (58 Tev, [Lat=5 91" Hoyy 3
Weighted distribution with weight E ‘ ‘ ‘ ‘ . ]
2 8E 3

- e 2 °F ;
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H— ZZ — 4]

o(my =125 GeV) x B= 3 fb

~ 16 signal events produced in 5.8 fb~! 8 TeV

ATLA
@EXPERIME&
http://atlas.ch
Run: 203602
Event: 82614360

Date: 2012-05-18
Time: 20:28:11 CEST




H — ZZ — 4l analysis strategy

> Four isolated electrons or muons with pr > 20,15,10,7 — 6(e — ) GeV
> 50 < mi2 < 105 GeV, m34 > 17.5 — 50 GeV

> Search for a narrow mass resonance

> 3 event (resolution) categories: 4e, 2e2u, 4u

» Irreducible SM ZZ* — 4/ background - estimated from simulation

» Reducible Z+jets and tt backgrounds - estimated from data

fraction outside * 26: 16%

0.02

without Z mass constraint

4p: o =2.1GeV Relax impact parameter for Z + pp
- [T e > 40
& 0.1~ ATLAS Preliminary 2 & __[ATLAS Preliminary i
i . ] 35F e Data 4
0 [ Simulation + ] e mzz ]
e e 1 2 F welee +u W Z+jets .
~ my, = 130 GeV c30F — -1 3
= 0'08_7 Gaussian fit ] et ILdt =581 B 3
p r ] Woek Vs= 8 TeV Wz 4
0 06; H—ZZ* >4y (s = 8 TeV) B s 7 Syst.Unc. 3
T 1 20 g
[ m=(129.50 + 0.04) GeV 7 £ 3
0_04; o =(2.13+0.04) GeV N 15F 3

B0™ 80 ™00 110 120 130 140 150 %% 40 60 8 100
m,, [GeV]



Events/5 GeV

H — ZZ — 41: four-lepton invariant mass

» Observe an excess of events near my = 125 GeV

> A number of selected candidate events 115 — 135 GeV range:

Signal 775 7 + jets, tt Observed
4n 2.09+0.30 1.12£0.05 0.13+0.04 6
2e2/L/2u2e 2.294+0.33 0.80 £0.05 1.27+£0.19 5
4e 0.90+0.14 0.44+0.04 1.09+0.20 2
R o e e A 5
[ e Data ATLAS ) m,=125 GeV L
250 [l Background 72! 5 O.80F + Data(120<m 130 Gev) ATLAS‘
—  HeZzzVsal < Hozz" a1
. zécnkjr?mundégz‘:’\;; €79 \s=7TeV:[Ldt= 481"
[ ; _
201 Csie H I \s=8TeV:[Ldt=58fb"

2 Syst.Unc.
1505 =7 TeV:[Ldt = 4.8 1b"

is=8TeV:[Ldt=58 "
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250
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Statistics tools and techniques

» Likelihood function:
L(data|p, 0) = ) » Profile likelihood ratio:
Poisson(datalu - s(8) + b(6)) - p(6]6) rottie Hkelood ratio:

~ L(data|p1,0,,) ~
= 2[n=""22m 0 > >
data - experimental observation A L(datalf1,0) = H=H

0 - systematics nuisance parameters
s - number of signal events

b - number of background events

W - signal strength

0 - maximize L

L,
6, - maximize L for given p

—
U
T

» 95% confidence limit for exclusion limits: : - f(am'“:o)
— f§ =)

. _Pu =

CLS(/’L) - Ipr net

Adjust p until CLs = 0.05 " Observed value

Number of toys
3

a’ T

> po tests the background only hypothesis:

P L(datal0,6,,)
Go = —2In"; o

> po - probability that the background could Test S1t5atistic azo
mn

reproduce (fluctuates into) the same
excess of events

(=]
(3]
-
(=]






The SM Higgs boson is excluded at 95%
CL in the mass range: 111-122 GeV and

131-559 GeV

Clear evidence for the production of a
neutral boson with a measured mass of
126.0 + 0.4 (stat) + 0.4 (sys) GeV

Local significance of 5.90, corresponding
to a background fluctuation probability of

1.7 x 107°

Global signficance of 5.1¢ for
110 GeV < my < 600 GeV

Compatible with the production and decay

of the SM Higgs boson

Combined results
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Combined results

The SM Higgs boson is excluded at 95%
CL in the mass range: 111-122 GeV and
131-559 GeV

Clear evidence for the production of a
neutral boson with a measured mass of
126.0 + 0.4 (stat) + 0.4 (sys) GeV

Local significance of 5.9, corresponding
to a background fluctuation probability of
1.7x107°

Global signficance of 5.1¢ for

110 GeV < my < 600 GeV

Compatible with the production and decay
of the SM Higgs boson
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Higgs results
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Signal strength and mass
The observed excess corresponds to

(W

AfLAS ‘ 2011‘ + 2012‘ Data

fi=1.4+£0.3 for my =126 GeV, %2‘5? —— Best fit Vs=7TeV: ILdt:4.6-4.Sfb"E
consistent with the SM Higgs g 2 [M2miw <t (s=8TeV: JLdt=5.875_9ﬂy‘i
hypothesis 4 =1 Té, 150 E
The probability for a single Higgs o 1; /\ ]
boson-like particle to produce resonant R ]
mass peaks in the H— ZZ®*)— 4¢ and O'SN\ E
H — ~~ channels separated by more of \//\\/ 7
than the observed mass difference, F ]

-0. I I 1 | L L
; ; 110 115 120 125 130 135 140 145 150
.allowmg the sngnal strengths to vary m, [GeV]
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Higgs production signal strength: pverivH, tiggF+ttH

s A2p e e
= ]
Q F ATLAS Prellmlnary 2011 + 2012 Data
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Standard Model Higgs boson

> |s the new mass resonance the Higgs boson predicted by the Standard
Model?
» Experimental measurements of the Higgs properties:

> Couplings: production cross-sections and branching ratios
> Spin and CP

> Higgs triple self coupling

> Is there more than one mass state?

» Two approaches:

> Test against specific theoretical models
> Model independent searches for deviations from SM properties



Higgs coupling properties measurements: simplified framework

LHC Higgs XS working group interim recommendations: arXiv:1209.0040

The signals observed in the different search channels originate from a
single narrow resonance with a mass of 126 GeV. The case of several,
possibly overlapping, resonances in this mass region is not considered.

The width of the Higgs boson with a mass of 126 GeV is assumed to be
negligible:

o X BR(ii = H — ff) = ZLLE

Only modifications of couplings strengths, i.e. of absolute values of
couplings, are taken into account, for example:
/12 Ni

(0 xBR)(gg — H — vv) = osm(gg — H) x BRsm(H — ) x

2
]

The tensor structure of the Higgs couplings is assumed to be the same as
in the SM. This means that the observed state is assumed to be a
CP-even scalar.

Measurements of Higgs spin and CP properties require dedicated analyzes
since kinematics distributions are modified under non-SM assumption




Higgs production and decay parameters

Production modes

U-ggH
+SM

geH
OVBF

SM
9VBE

OWH

SM
TWH

T7H

SM
O’ZH

TaH
SM

a_
ttH

(o

2
Ky (Kb, K, M)
K

L=

2
Kyprlkw, Kz, mp)

Detectable decay modes

FWW(*)
M
I WwE

rzz(*)

SM

77

FbE

oM

bb
rr Tt
SM
| it
Ty
FSM

Iz,
™

4
EA )

(Kb, K, Kr, KW, My)

\‘7‘: I\)\E [

{ T2 (%0, KL Ko KW 71p)
2

Kz



Higgs decays to fermions and bosons: kg, ky

> KF =Kt = Kp = Kr

> Ky = RkKw = Kz

Assuming only SM contributions to 'y No assumptions on total width
o ar T T T T T | z m T T |
r ATLAS Preliminary + SM 9 < r ATLAS Preliminary + SM i
af i x Bzelstxt( <257 3[ (s =7TeV, JLdt =48 b x Bzelsl/f{t( )< o5l
[ {s=7TeV,]Ldt=4.8fb" —-2In RF) < B F (s = 8TeV, JLdt 5850f! — 2MAlK, 1
Hf ts-oTeV.fLdt-sasef o 2INAK Ve) <6. 03 oF 21 Ay Ary) < 6.0
£ E = E
F ] oF 4
o - r ]
E . A =
1= = F ]
F ] 2 E
oL | 1 1 1 1 in} E 1 1 1 | =l
84 06 08 1 12 14 16 18 0 05 1 15 2 25
Ky Kyy

» Allow non SM contributions to [y:

> v = KE/Kv
> Kyy = Ry Ky /KK

—2In\ < 2.3(6.0) correspond typically to 68% and 95% CL



Probing the W and Z couplings

No assumptions on total width

T T T T T T T T T
ATLAS Preliminary

N
=
> Three free parameters: < —-2lnAQ_ )
=z Vs = 7TeV, [Ldt = 4.8 fb" wz
c
= =8TeV, |Ldt=5.8-5.9 fb"
’K/F:Nt:’ib:"ff o \s e,II
> Kw
> Kz

> )\WZ = Iiw/lﬁz = 107t%3257

N WA OO N

RN RN RN RR RN RRR RN A RRS Rl

» The VBF process is parametrized
as the function of kw and Kz
predicted by the SM

bbb b b b b b b
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Probing non-SM contributions

Test for non-SM contributions to gg — H and H — ~+ loops:
» Modify gg — H production: kg
> Modify H — vy decays: K~

» Fix all other couplings to SM values: Kk =1

Assuming only SM contributions to 'y No assumptions on total width
!'J’ 25T T T T T T T L - F T T T T T T T T 7
- ATLAS Preliminary + SM Bl bl 7i ATLAS Preliminary 2In ABR ) E
[ Vs=7TeV,[Ldt=48 10" x Bzelsnt/{t( <23 ] 3 Foys=7TeV,JLdt=a8f' inv. undet. B
F _ _ &g - —_— K, Kg) < B o Coveo _ &g ol =
o Vs = 8TeV, [Ldt = 5.8-5.9 fb" o A(K Kg)<60 ] & 6; (s =8TeV, [Ldt = 5.8-5.9 fb ]
z E 3
r A < 51— =
L ] o E E
1.5 - 45 =
[ ] 3F -
1 . 2f =
r ] = 3
0.5 L, C: 1 ! 1 1 1 L4
2.2 0 01 02 03 04 05 06 07 08 09
Ky BRiny, undet.

> Allow Higgs decays to undetected
particles:

_ ry (ki) SM
rH - (lfB%undetec.) x rH
> BRundetec. < 0.84
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2019

(Assumed) LHC schedule

¢ LHC startup, V s = 900 GeV

V s=7~8 TeV, L=6x1033 cm-2 s-1, bunch spacing 50 ns

~20-25 fb-1

' Goto design energy, nominal luminosity

Vs=13~14 TeV, L~1x1034 cm-2 s-1, bunch spacing 25 ns
~75-100 fb-1

Injector and LHC Phase-1 upgrade to full design luminosity

V s=14 TeV, L~2x1034 cm-2 s-1, bunch spacing 25 ns

~350 fb-1

HL-LHC Phase-2 upgrade, IR, crab cavities?

V s=14 TeV, L=5x1034 cm-2 s-1, luminosity leveling 3000 fb*




Events/GeV / 3 ab-1

Higgs physics at a High Luminosity LHC with ATLAS

v

Additional channels targeted for high luminosity LHC with ~ 3000 fb—!

Realistic assumptions regarding upgraded detector performance with up to
~ 140 collisions per crossing

v

» Direct measurement of ttH in di-photon channel

» Measurement of Higgs coupling to 2nd generation fermions via H — up

gg — ttH — 1 lepton + jets + ~~ gg — H— up

E > T T T T
300 ATLAS Preliminary (Simulation) & ATLAS Preliminary (Simulation) E
E 5=14TeV 0 $=14TeV = i
250F S J Ldt=3000 o’ — - Wx . E
~ - Xy 4
2 = ww - vy E
201 E 9o - H - uy, m, =125 Gev é
150 E
100}~
50F-
I 1 1 i A i ik | I I
(iOO 110 120 130 140 150 120 140 160 180 200

diphoton mass [GeV] my, [GeV]



Estimates of precision for
measurements of SM Higgs branching
ratios with 300 fb~! and 3000 fb~*

Order 10-20% precision for ggF and
VBF production in H — vy

Addition of associate production (ZH
and WH) channels is expected to
improve these results considerably
With 300 fb~! at 14 TeV the spin/CP
quantum numbers of non-mixed states
can be measured at 50 level

With 300 fb~! at 14 TeV HH — bbyy

ATLAS Preliminary (Simulation)
/s = 14 TeV: [Ldt=300 fb™*; [Ldt=3000 fb™*

He w
H- 1t r
H-Zzz E
H-yy (+)
Hoyy (+)
H-yy (+i)
H-yy %

0 02 04 06 08 1

A(0°BR)
0*BR



Congratulations to CERN for the fantastic LHC performance!

» Impressive performance by the ATLAS experiment in all
aspects: detector design and construction, detector
performance and calibration, data taking efficiency and data
quality, simulation and physics results

» Clear evidence for the production of a neutral boson with a
measured mass of 126.0 £ 0.4 (stat) + 0.4 (sys) GeV

» Compatible with the production and decay of the Standard
Model Higgs boson

» A program of precision measurements of properties of the new
particle

» Already recorded 15 fb! - more results in pipeline: Higgs
properties, precision Standard Model measurements and
searches for new physics

Thank you and stay tuned!
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H — ~~: photon conversion

» Photons convert into electron and positron pairs in the tracker material

> Reconstruct as displaced Inner Detector track(s) matched to
electromangetic cluster

» Measure amount of Inner Detector material with conversion vertex density
> 52% of signal events contain at least one converted photon

» Uncertainty on event migration between converted/unconverted is 4%

ATLAS Preliminary
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Events/5 GeV

H — ZZ — 4I: backgrounds

» Normalize ZZ*) from simulation
» Normalize reducible backgrounds from control regions
> Z+jets background - relax lepton selection cut
> tt - eu channel
> Z+jets background validation - relax impact parameter and isolation

Relax impact parameter for Z + pp Relax isolation cut for Z 4 ee
40 L e I A B
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